1633

EXTENDED REPORT

Comparison of composite measures of disease activity in an
early seropositive rheumatoid arthritis cohort

Veena K Ranganath*, Jeonglim Yoon*, Dinesh Khanna, Grace S Park, Daniel E Furst, David
A Elashoff, Damini Jawaheer, John T Sharp, Richard H Gold, Edward C Keystone, Harold E Paulus,
for the Western Consortium of Practicing Rheumatologists

See end of article for
authors’ affiliations

Correspondence to:

Dr H E Paulus, UCLA,
Department of Medicine,
Division of Rheumatology,
Rehabilitation Center, Room
32-59, 1000 Veteran
Avenue, Los Angeles, CA
90095-1670, USA;

hpaulus@mednet.ucla.edu

Accepted 29 March 2007
Published Online First
21 May 2007

Ann Rheum Dis 2007;66:1633-1640. doi: 10.1136/ard.2006.065839

Objective: To evaluate concordance and agreement of the original DAS44/ESR-4 item composite disease
activity status measure with nine simpler derivatives when classifying patient responses by European League
of Associations for Rheumatology (EULAR) criteria, using an early rheumatoid factor positive (RF+)
rheumatoid arthritis (RA) patient cohort.

Methods: Disease-modifying anti-rheumatic drug-naiive RF+ patients (n=223; mean duration of symptoms,
6 months) were categorised as ACR none/20/50/70 responders. One-way analysis of variance and two-
sample t tests were used to investigate the relationship between the ACR response groups and each composite
measure. EULAR reached/change cut-point scores were calculated for each composite measure. EULAR
(good/modercte/none) responses for each composite measure and the degree of agreement with the
DAS44/ESR-4 item were calculated for 203 patients.

Results: Patients were mostly female (78%) with moderate to high disease activity. A centile-based nomogram
compared equivalent composite measure scores. Changes from baseline in the composite measures in
patients with ACRnone were significantly less than those of ACR20/50/70 responders, and those for ACR50
were significantly different from those for ACR70. EULAR reached/change cut-point scores for our cohort
were similar to published cut-points. When compared with the DAS44/ESR-4 item, EULAR (good/moderate/
none) percentage agreements were 92 with the DAS44/ESR-3 item, 74 with the Clinical Disease Activity
Index, and 80 with the DAS28/ESR-4 item, the DAS28/CRP-4 item and the Simplified Disease Activity Index.
Conclusion: The relationships of nine different RA composite measures against the DAS44/ESR-4 item when
applied to a cohort of seropositive patients with early RA are described. Each of these simplified status and
response measures could be useful in assessing patients with RA, but the specific measure selected should be
pre-specified and described for each study.

arthritis (RA) were developed in the 1990s to minimise

measurement error and enhance the analysis/interpreta-
tion of clinical trials for the evaluation of new disease-
modifying anti-theumatic drugs (DMARDs) and biological
agents. No single laboratory, clinical, radiographic or functional
disability measure comprehensively defines all aspects of RA
disease activity.' *

Various composite ““status’” measures have been proposed’*
to assess RA disease activity’ (table 1). The original Disease
Activity Score (DAS, DAS44/erythrocyte sedimentation rate
(ESR)-4) synthesises important clinical and laboratory mea-
sures to define a patient’s disease activity status (table 1).> ¢
Several permutations of the DAS44/ESR-4 were created by
using the 28-joint count, C-reactive protein (CRP) instead of
ESR, and/or substituting a constant for patient global health.
Development of the Simplified Disease Activity Index (SDAI)
and Clinical Disease Activity Index (CDAI) simplified these
measures further.*® Two types of “response’” measure are in
current use: American College of Rheumatology (ACR) 20/50/
70% improvement criteria and European League of Associations
for Rheumatology (EULAR) improvement criteria.”"”

The objective of this study was to determine the effects of the
various simplifications of the original DAS on the good/
moderate/none classification of a cohort of patients with early
RA using the EULAR method of calculating response." ' We
selected the DAS44/ESR-4 item as the referent measure (gold
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standard) because it is more comprehensive and antedates the
other DAS-derived continuous composite measures.

In this paper, we apply nine composite criteria sets to a well-
characterised longitudinal observational study cohort of ser-
opositive patients with early RA, whose dataset includes all of
the elements needed to calculate and compare the values of
those composite measures in the same patients at the same
time points with the DAS44/ESR-4 item. We also correlate the
disease activity measures with each other and calculate the
degree of agreement when the status measurements are used to
classify patient responses using the EULAR criteria.

PATIENTS AND METHODS

Patients

Patients included in this study were those with early RA
participating in an observational study initiated in 1993. The
data used in this analysis were collected in the pre-biological
era, but many of the patients are still being followed today. The
participating rheumatologists in this subset study were from
community and university practices in Western USA and
Mexico."**°

Abbreviations: ACR, American College of Rheumatology; CDAI, Clinical
Disease Activity Index; CRP, C-reactive protein; DAS, Disease Activity
Score; DMARD, disease-modifying anti-rheumatic drug; ESR, erythrocyte
sedimentation rate; EULAR, European League of Associations for
Rt\:{eumdtobgy; RA, rheumatoid arthritis; SDAI, Simplified Disease Activity
Index
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Table 1 Formulas used to calculate disease activity measures

Status* disease activity measure

Formula

DAS44/ESR-4 item'®
DAS44/ESR-3 item’
DAS44/CRP-4 item’
DAS44/CRP-3 item’
DAS28/ESR-4 item'’

DAS28/ESR-3 item®

DAS28/CRP-4 item®

DAS28/CRP-3 item®

SDAF®
CDAI"”

0.53938+/RAI +0.06465*SJC44 +0.33 In(ESR)+0.00722*GH
0.53938+/RAI +0.06465*5JC44+0.33 In(ESR)+0.224
0.53938+/RAI +0.065*5JC44+0.17 In(CRP+1)+0.00722*GH-+0.45
0.53938+/RAI +0.065*SJC44+0.17 In(CRP+1)+0.65

0.56+4/TJC28 +0.28+/SJC28 +0.70 In(ESR)+0.014*GH
[0.56VTIC28 +0.28+/SIC28 +0.70 In(ESR)|*1.08+0.16

0.56+4/TJC28 +0.28+/SJC28 +0.36 In(CRP+1)+0.014*GH+0.96
[0.56VTIC28 + 0.28/SIC28 +0.36 In(CRP+1)]*1.1+1.15

TJC28 + SJC28 + patient global (10 cm) + MD global (10 cm) + CRP
TJC28 + SJC28 + patient global (10 cm) + MD global (10 cm)

Responset disease activity measure

Criteria

EULAR improvement criteria
ACR X% (20/50/70) (response
measure)’

Please see table 4

TJC and SJC must exhibit X% improvement plus X% improvement of any 3 of:
acute phase reactant (ESR/CRP), MD global, patient global, pain, and physical
function

RAI, Ritchie Artficular Index (0-78); SJC44, swollen joint count for 44 joints; SJIC28, swollen joint count for 28 joints;
TJC28, tender joint count for 28 joints; patient global or GH, patient global assessment; MD global, physician global
assessment; ESR, Westergren erythrocyte sedimentation rate (mm/h); CRP, C-reactive protein (mg/dl); SDAI, Simplified
Disease Activity Index; CDAI, Clinical Disease Activity Index; DAS, Disease Activity Score (http://www.das-score.nl/

www.das-score.nl).

*Status measure assesses disease activity at a specific point in time.
tResponse measure assesses how disease activity changes over time, eg, response fo medication.

Patients were diagnosed according to the 1987 ACR criteria,
with <15 months since symptom onset, no previous DMARD
treatment, rheumatoid factor seropositivity, =6 swollen and =9
tender joints. Assessment at study entry, 6 months, 1 year, and
yearly thereafter included the core set measures required to
calculate the ACR response criteria and the composite criteria
evaluated in this report (table 2).” Joint counts were performed
as previously described."*"® During the first 2 years, patients’
years of treatment with single or combination DMARDs were:
methotrexate, 221; prednisone, 175; anti-malarial agents, 115;
sulfasalazine, 44; gold, 13; other agents, <5. Tumour necrosis
factor o inhibitors were not available during the study period.

Blood specimens were collected for CRP; Westergren ESRs
were determined when clinically indicated. Patients completed
a detailed self-report mailed questionnaire at study entry and
every 6 months thereafter that included demographics, health,
pain, detailed drug use, global visual analogue scale, and the
Health Assessment Questionnaire HAQ-DI.”!

METHODS

There were sufficient paired data to calculate ACR response
criteria for 223 patients: 203 patients had complete data to
calculate DAS measurements at two time points (from baseline
to follow-up within 2 years), and 195 patients had sufficient
data to calculate both the SDAI and CDAI (the physician global
assessment was missing for eight patients). Patients were
excluded if the measures could not be calculated from the
available data; no data imputation was performed. On the basis
of formulas described in table 1, values for the 10 composite
measures and the proportions of patients reaching ACRnone/
20/50/70 were calculated (table 3). Patients grouped in the
ACRnone category did not achieve ACR20, ACR50 or ACR70 at
any time during the 2-year follow-up. Similarly, the ACR20
category included patients with ACR20 to ACR49 responses,
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and ACR50 included ACR50 to ACR69 responses. For con-
venience and consistency, the changes in status measure scores
were calculated using the baseline score and the score at the
time the patient first achieved the maximum response during
the 2 years of follow-up with the ACRnone/20/50/70 criteria.
For example, if the patient was categorised as ACRnone, then
the composite disease activity change score was calculated
using the values at baseline and at the last visit within the 2-
year follow-up period. If the best response was ACR50 at 1 year,
then the Il-year visit value was used; if it was ACR20 at
6 months, then the 6 months value was used. During the 2-
year follow-up period, the 223 patients had 705 distinct
observations with complete data to calculate all 10 composite
disease activity measures at the same time points, and these
were the basis for the nomogram (fig 1).

EULAR criteria for good, moderate or none response were
determined using cut-points for reached values and change
scores (fig 2, table 4)."° ' “Reached values” are those obtained
at the follow-up observation. ““Change values” are the
difference between the baseline score and the follow-up score.
Table 4 shows how the EULAR response categories are
determined on the basis of two cut-points for the reached
and two cut-points for the change values which are used to
separate the disease response into nine regions, each of which
is then classified as a good, moderate or none response. These
cut-points (threshold values) are essential for calculating the
EULAR response category of each patient; changes in the cut-
points will change the proportions of a cohort who qualify as
good, moderate or none responders. We had planned to use
accepted published values for the cut-points for the nine DAS-
derived measures, but published cut-points were available only
for the DAS44/ESR-4 item and DAS28/ESR-4 item.'*"* Reached
values (but not change values) have been published for SDAI
and CDAL" Therefore, it was necessary to calculate the missing
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Table 2 Baseline characteristics of study patients (n=223)
Variable Mean SD Median Q1 Q3
Age (years) 51.45 13.02 50.92 41.95 61.66
Sex (% female) 78.50
Rheumatoid factor (IU/ml) 372.06 527 .66 197.00 92.00 449.00
Disease duration (months) 6.09 3.42 5.46 3.42 8.29
Swollen joint count (28) 12.95 7.16 12.00 7.00 19.00
Tender joint count (28) 13.37 7.67 12.00 8.00 20.00
ESR (0-100) (mm/h) 41.54 24.75 37.00 25.00 55.00
C-reactive protein (mg/dl) 2.71 3.50 1.40 5.00 3.50
MD global (0-100 mm) 49.51 20.74 50.00 31.50 65.00
Patient global (0~100 mm) 43.12 23.60 43.29 19.98 63.27
Pain VAS (0-100 mm) from MD office 60.56 27.41 65.00 45.00 83.00
HAQ (0-3) 1.21 0.71 1.25 0.75 1.63
Ritchie Arficular Index (0-78) 17.81 10.12 16.00 11.00 23.00
Swollen joint count (44) 18.7 9.89 17 12 24
Joint space narrowing score 4.22 6.08 2.00 0.50 6.00
Erosion score 2.11 3.80 0.75 0.17 2.50
Total Sharp score* 6.33 8.45 3.58 1.25 8.50
Patient global VAS (0-100 mm) 61.05 26.42 62.50 43.00 84.00
from MD office
DAS44/ESR-4 item 4.92 1.24 4.67 3.98 5.85
DAS44/ESR-3 item 4.73 1.18 4.55 3.83 5.67
DAS44/CRP-4 item 4.71 1.28 4.48 3.86 5.65
DAS44/CRP-3 item 4.51 1.21 4.31 3.65 537
DAS28/ESR 4 item 6.12 1.20 6.10 5.28 6.97
DAS28/ESR-3 item 5.85 1.15 5.99 5.08 6.65
DAS28/CRP-4 item 5.56 1.19 5.51 4.79 6.44
DAS28/CRP-3 item 5.35 1.14 5.46 4.62 6.08
SDAI 39.20 16.98 36.88 27.7 50.58
CDAI (0-76) 36.47 15.85 33.6 24.8 46.60
CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS, Disease Activity Score; ESR, Westergren erythrocyte
sedimentation rate; HAQ, Health Assessment Questionnaire; MD global, physician global assessment; Patient global,
patient global assessment; SDAI, Simplified Disease Activity Index; VAS, visual analogue scale.
*The total sharp score=erosion score+joint space narrowing score.’

cut-points for the remainder of the status measures and use
them to estimate the various EULAR response rates from our
cohort. Using the 203 patients who had enough paired data, we
determined cut-points for reached and change scores for the 10
status measures of disease activity, using an approach similar to
that used to develop the original EULAR scores." Firstly, each

subject was categorised into one of the nine possible regions of
the response space (fig 2) using the original published EULAR
categorisation and cut-points (DAS44/ESR-4 item; gold stan-
dard). Next, we wished to establish cut-points for each of the
other disease activity measures. Using the baseline and follow-
up observations used to classify the patients with the DAS44/

Table 3 Changes from baseline in composite status measure scores when patients achieved ACRnone/20/50/70 responses

Change from baseline in status measure score

p=0.111

p=0.05%

None (n=87) ACR20 (n=46) ACR50 (n=36) ACR70 (n=54) p Value*

Das44/ESR-4 item 0.8 (1.20) (—1.29-3.91) 2.30 (0.97) (0.62-5.26) 2.59 (0.92) (0.82-4.87) 3.43(1.28) (1.18-7.82) <0.001
p=0.171 p=0.001%

Das44/ESR-3 item 0.8 (1.24) (—1.32-3.91) 2.08 (0.95) (0.56-5.03) 2.36 (0.88) (0.81-4.61) 3.12(1.22) (1.09-7.13)  <0.001
p=0.171 p=0.002%

DAS44/CRP-4 item 0.75(1.13) (—1.47-3.69) 2.13 (0.90) (0.36-5.1) 2.50 (0.85) (0.88-4.68) 3.29 (1.33) (0.91-7.92) <0.001
p=0.071 p=0.001%

DAS44/CRP-3 item 0.75(1.17) (—=1.52-3.72) 1.92 (0.88) (0.4-4.85) 2.27 (0.80) (0.67-4.41) 2.97 (1.25) (0.68-7.22) <0.001
p=0.071 p=0.002%

DAS28/ESR-4 item 0.75 (1.40) (—3.21-4.04) 2.43 (1.20) (—0.14-4.99) 2.65(1.22) (0.05-5.4) 3.67 (1.05) (1.56-6.38) <0.001
p=0.421 p=0.001%

DAS28/ESR-3 item 0.70 (1.47) (—3.6-4.22) 2.14(1.13) (—0.18-4.84) 2.34 (1.21) (—0.58-5.29) 3.22 (1.05) (1.01-5.89) <0.001
p=0.471 p=0.0041

DAS28/CRP-4 item 0.64 (1.21) (—2.55-3.68) 2.05(1.10) (—0.38-4.76) 2.42 (0.98) (0.5-4.67) 3.31 (1.06) (1.21-6.49)  <0.001
p=0.12F p=0.001%

DAS28/CRP- 3 item 0.59 (1.34) (—3.04-3.92) 1.82 (1.08) (—0.31-4.82) 2.17 (0.94) (0.62-4.62) 2.96 (1.01) (1.13-5.63)  <0.001
p=0.12t p=0.004%

SDAI 8.41 (13.27) (—21-41.5) 25.16 (12.74) (0.8-56.6) 29.95 (13.39) (2.3-58.6) 36.79 (17.01) (12.1-78)  <0.001
p=0.121 p=0.04%

CDAI 8.42 (14.27) (—20.5-51.8)  23.62(12.38) (1.3-52.6) 28.41 (13.40) (1.6-57.3) 34.53 (15.71) (11.4-73.3) <0.001

TACR20 vs ACR50.
FACR50 vs ACR70.

ACR, American College of Rheumatology; CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS, Disease Activity Score; ESR, Westergren erythrocyte
sedimentation rate; SDAI, Simplified Disease Activity Index.

Values are mean (SD) (range).
*ACRnone vs ACR20 vs ACR50 vs ACR70; ACRnone differs from all the other groups, p<<0.05; analysis of variance.
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Centile Figure 1 Nomogram of the 10 different
- composite disease activity status measures
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705 observations of subjects who have all composite scores for at least one visit.
DAS44/ | DAS44/ | DAS44/ | DAS44/ | DAS28/ | DAS28/ | DAS28/ | DAS28/
Centile ESR-4 ESR-3 CRP-4 CRP-3 ESR-4 ESR-3 CRP-4 CRP-3 SDAI CDAI
0 0.229 0.449 0.686 0.886 0.485 0.684 1.459 1.699 0.3 0
1 0.763 0.906 0.762 0.955 1.278 1.293 1.605 1.787 0.7 0.2
10 1.496 1.633 1.565 1.666 2.483 2.617 2.368 2.388 4.9 4
20 2.389 2.366 2.205 2.181 3.341 3.416 3.099 3.134 9.7 8.7
30 2.873 2911 2.745 2.709 4.021 3.968 3.665 3.637 14.5 13
40 3.312 3.277 3.125 3.071 4.519 4.441 4.062 4.067 18.4 17
50 3.744 3.629 3.562 3.405 5.025 4.908 4.583 4.416 23.6 22
60 4.239 4.051 4.041 3.859 5.470 5.282 4.935 4.830 29 26.8
70 4.635 4.481 4.418 4.228 5.922 5.697 5.375 5.248 34.1 32.1
80 5.144 4.933 4.847 4.647 6.462 6.195 5.898 5.689 41.5 39.1
90 6.000 5.808 5.776 5.591 7.201 6.872 6.557 6.303 54.5 51.6
99 7.815 7.456 7.525 7.265 8.373 7.815 7.765 7.454 74.1 70.1
100 8.767 8.285 8.690 8.170 8.873 8.240 8.465 7.866 89.4 74

ESR-4 criterion, we calculated the change and reached values
for each subject using each of the nine status measure formulas
in table 1. For each status measure, we calculated the 75th
centile of the change scores of the subjects who were classified
in column 2 of table 4 by the gold standard. Next, we computed
the 25th centile of the change scores of the subset classified in

Change values

A B
1 2 3
GOOD
9 MODHERATE
e D 3
NONE

Figure 2 EULAR change and reached values calculated for the Western
Consortium cohort and published values.
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column 3 of table 4 by the gold standard. We then established
the cut-point B as the median of those subjects between the
75th centile of column 2 and the 25th centile of column 3. If
there were no subjects between the two centiles, then we
established the cut-point B as the midpoint value between
these two centiles. The cut-point A is defined similarly by
computing the 75th centile for the subjects in column 1 and the
25th centile of those in column 2. This process is repeated for
each of the reached values (C and D) using rows rather than the
columns. The 25th and 75th centiles were chosen because they
provide a stable representation of the population and are
unlikely to be influenced by high or low outlier values. Using
this method, the cut-point values based on our cohort were
similar to the published values' ** ** that had been calculated
using a different cohort; therefore we considered it reasonable
to use the cut-points calculated from our cohort to calculate
EULAR responses with the DAS derivatives for which no
published cut-points were available (fig 2, table 4). Compared
with the EULAR categorisation for published cut-points for
DAS44/ESR-4, the percentage agreement using the Western
Consortium cohort’s calculated cut-points for DAS44/ESR-4
was 95.

In addition, we wished to evaluate how much agreement
there was between the composite disease activity measures,
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when using the EULAR criteria. Using DAS44/ESR-4 published
;‘E reached and change values as the gold standard and based on
2 B3 the nine-box grid (fig 2), 75 patients (37%) were good, 84
é oq a patients (41.4%) were moderate and 44 patients (21.6%) were
g non-responders (table 5). We then recategorised subjects with
g - each composite disease activity measure to determine the
g = percentage agreement (if none, moderate, good) between
- [e3 . . .o .
v -« UE) DAS44/ESR-4 and each composite disease activity measure
. - using the cut-points indicated by bold type in table 4. Published
5 a change and reached values were used for DAS28/ESR-4" and
§ EN published reached values for SDAI and CDAL'" " Cut-points
§ = calculated from our cohort (table 4) were used for SDAI and
2 |lanoa—| g CDAI change values, and for the remaining composite
" 8 |-oad 2 measures. Because the DAS28 is so widely used, we recalcu-
ElE E lated the percentage agreements using the DAS28/ESR-4 item
_§ & 2 as the gold standard instead of the DAS44/ESR-4 item.
< 8
= |3 e]
3 % BT g Statistical analysis
_ I e used one-way analysis of variance to test for differences
© oo < W d y lysis of vari for diff
O [s<oa| o etween means of the various composite disease activity
- PPN g measures among the ACR groups (ACR20/50/70/none), the
g |sscg| ¢ two-sample t test for pairwise differences between ACR groups
- § for each composite measure, and Spearman correlation
< 2 coefficients for the overall relationship between composite
g z measures. The nomogram was created using SPSS V12 (SPSS
3 8 |- ws8 g Inc, Chicago, Illinois, USA). All other statistical computations
—g 3|=3a< = used SAS V9 (SAS Institute Inc, Cary, North Carolina, USA).
i 3 3 p<<0.05 was considered significant.
o o =
z| |3
B 1€ looan| ¢ RESULTS
2 3 [2S885 | £ Table 1 compares the formulas used to calculate the different
2 © z composite measures. Table 2 describes the baseline character-
g § > istics of the 223-patient early-RA cohort. The patients are
o § E similar to those in other early-RA cohorts: mostly female (78%)
<] 2 (98353 g with average disease duration of 6 months and of moderate to
E = | SGIE | high disease activity with mean DAS44/ESR-4 item 4.9 (and
£ 3 g mean DAS28/ESR-4 item 6.1). The average swollen joint count
g Q § and tender joint count were 12 and 13 (using the 28-joint
8 :..-3; ~e | 2 count), the average Ritchie Articular Index was 17.8 (out of 78),
- S|2333| @ and the swollen 44-joint count was 18.7.
_.?’ “g The centile distributions of the scores of 10 composite status
g g » measures (calculated for each of 705 distinct observations) are
° & ;‘E plotted in fig 1. Scores connected by each horizontal centile line
= § 32 are equivalent to each other in this population—for example,
5 2 (w825 2 g equivalent scores on the 20th centile line are DAS44/ESR-4
= 8 |medn 2 = (2.4), DAS44/ESR-3 (2.4), DAS44/CRP-4 (2.2), DAS44/CRP-3
< < " 3 (2.2), DAS28/ESR-4 (3.3), DAS28/ESR-3 (3.4), DAS28/CRP-4
2 g S (3.1), DAS28/CRP-3 (3.1), SDAI (10) and CDAI (9). Thus, if the
s = = _fg value of one of these status measures is known, the scores of
2 § =282 ‘g 2 the other measures can be approximated. For example, given a
—g 8 |moedam | o g known CDAI value, equivalent values of DAS and SDAI can be
> @ S o easily estimated from this nomogram.
o | £ |5 3 w . . .. . X
o |8 & 5 = Correlations between the disease activity composite measures
g 8|3 oo | & ) (table 1) ranged from 0.85 for DAS44/CRP-3 with the DAS28/
2152 [2334|8 = ESR-3 item to 0.99 comparing DAS44/ESR-4 with DAS44/ESR-3
2|3 < 3 3 and SDAI with CDAI (data not shown).
3 é § ; 8 For. each of the 223 patients, the ACBZO/SQNO response from
2l e |3 - baseline to the best follow-up observation point was calculated.
e % Z, 3353 < 3 Maximum improvements attained at any time point during the
o |38 |-cas| 8§ 2 year follow-up were ACR70 by 54 patients, ACR50 by 36
< <muUA g _g patients, ACR20 by 46 patients, and 87 patients did not satisfy
o s 5 ACR20 criteria at any evaluation during the 2-year period
£ “g’a (table 3). For each of 10 possible status measures, the change in
: “g’a $E 2 =4 x_g score between baseline and the observation used to calculate
36 60_3 E—g é—é’ K the ACR20/50/70/none was determined. For all of the status
= e =" measures, the mean change scores for the ACRnone group are
significantly different from change scores for the ACR20,
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Table 5 Categorisation as EULAR good, moderate or none
responses; comparison with the DAS44/ESR-4 item (gold
standard) for each of the composite disease activity status
measures using the DAS44/ESR-4 item published change
and reached values (table 4)

DAS44/ESR-3 item*

Table 5 Continued

Percentage agreement with DAS44/ESR-3 item, 91.6.

Percentage agreement with DAS44/CRP-4 item, 86.7.

Percentage agreement with DAS44/CRP-3 item, 88.7.

Percentage agreement with DAS28/ESR-4 item, 79.8.

Percentage agreement with DAS28/ESR-3 item, 77.8.

Percentage agreement with DAS28/CRP-4 item, 79.8.

Percentage agreement with DAS28/CRP-3 item, 79.8.

Percentage agreement with SDAI, 80.

Percentage agreement with CDAI, 74.4.

Bold type indicates the dominant comparisons, ie, good versus good,
moderate versus moderate and none versus none.

*Using the change and reached values calculated from the Western
Consortium cohort (table 4).

+SDAI and CDAI use published reached values and Western Consortium
calculated change values (table 4).

Gold standard  Good Moderate None Total
Good 35% 2.5% 0% 75
Moderate 3% 38% 0.5% 84
None 0% 2.5% 20% 44
Total 76 87 40 203
DAS44/CRP-4 item*
Gold standard Good Moderate None Total
Good 35% 2% 0% 75
Moderate 4% 30% 8% 84
None 0% 0% 22% 44
Total 79 65 59 203
DAS44/CRP-3 item*
Gold standard Good Moderate None Total
Good 33% 4% 0% 75
Moderate 3% 36% 3% 84
None 0% 2% 20% 44
Total 73 83 47 203
DAS28/ESR-4 itemi
Gold standard Good Moderate None Total
Good 31% 5% 0.5% 75
Moderate 4% 32% 5% 84
None 0.5% 4% 17% 44
Total 73 85 45 203
DAS28/ESR-3 item*
Gold standard Good Moderate None Total
Good 31% 5% 0.5% 75
Moderate 7% 30% 5% 84
None 1% 4% 17% 44
Total 79 78 46 203
DAS28/CRP-4 item*
Gold standard Good Moderate None Total
Good 33% 3% 1.5% 75
Moderate 7% 30% 4% 84
None 0% 5% 17% 44
Total 81 76 46 203
DAS28/CRP-3 item*
Gold standard Good Moderate None Total
Good 34% 3% 1% 75
Moderate 10% 28% 3.5% 84
None 0.5% 3% 18% 44
Total 89 68 46 203
SDAI+
Gold standard Good Moderate None Total
Good 30% 6% 2% 72
Moderate 6% 33% 3% 81
None 0% 5% 17% 42
Total 69 85 41 195
CDAIt
Gold standard  Good Moderate None Total
Good 28% 8% 1% 72
Moderate 6% 33% 3% 81
None 0% 5% 16% 42
Total 67 89 39 195
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$Using the DAS28/ESR-4 item published change and reached values.

ACR50 and ACR70 groups. The baseline to ACR50 change
scores are significantly different from the baseline to ACR70
change scores, but the change score differences between the
ACR20 and ACR50 groups are not significantly different
(table 3).

Comparing change scores of the DAS44/ESR-4 item with the
DAS44/ESR-3 item, DAS44/CRP-4 item, DAS44/CRP-3 item,
DAS28/ESR-4 item, DAS28/ESR-3 item, DAS28/CRP-4 item,
DAS28/CRP-3 item, SDAI and CDAJ, the correlation coefficients
of these change scores were respectively 0.99, 0.97, 0.96, 0.87,
0.85, 0.82, 0.81, 0.83 and 0.81 (all p<0.001) (data not shown).

To evaluate how well the different composite disease activity
measures categorised patients into the EULAR good, moderate
and none criteria, we evaluated the percentage agreement
between DAS44/ESR-4 item categories (using published EULAR
cut-points) with categorisation of the same patients using each
composite measure. The goal was to use the most recognised
values for this analysis; thus, the published reached and change
values were preferentially used if available, otherwise the
calculated values from the Western Consortium cohort (table 4)
were used to calculate the percentage agreement. When the
DAS44/ESR-3 item was compared with the DAS44/ESR-4 item
published cut-point values, there was a percentage agreement of
92. Similarly, for the DAS44/CRP-4 item, DAS44/CRP-3 item,
DAS28/ESR-4 item, DAS28/ESR-3 item, DAS28/CRP-4 item,
DAS28/CRP-3 item, SDAI and CDAI, the percentage agreements
with the DAS44/ESR-4 item were calculated to be 87, 89, 80, 78,
80, 80, 80 and 74, respectively (table 5). The highest agreement is
between the DAS44/ESR-4 item and other DAS44 measures. Less
agreement is seen with the DAS28 measures, and least with CDAIL

When we used the DAS28/ESR-4 item as the gold standard in
comparisons with the DAS44/ESR-4 item, DAS44/ESR-3 item
DAS44/CRP-4 item, DAS44/CRP-3 item, DAS28/ESR-3 item,
DAS28/CRP-4 item, DAS28/CRP-3 item, SDAI and CDAI, the
percentage agreements were 77, 76, 72, 73, 88, 83, 76, 73 and
74, respectively (data not shown).

DISCUSSION

This paper compares the DAS44/ESR-4 item with nine
composite disease activity status measures and response
measures using a well-characterised longitudinal observational
study cohort of seropositive patients with early RA. Many
modifications of the original DAS (DAS44/ESR-4 item) have
been developed including: DAS28/ESR-4 item, DAS28/CRP-4
item, DAS28/ESR-3 item, DAS28/CRP-3 item, DAS44/ESR-3
item, DAS44/CRP-4 item, DAS44/CRP-3 item, SDAI and CDAL
The original DAS was modified by using CRP instead of ESR,
28-joint counts instead of the Ritchie Articular Index and 44
swollen joint count, substitution of a constant for the patient
global assessment, and changing the formula to simply add the
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variables rather than by using multiplication, square roots and
natural logarithms.

The correlation among scores obtained using the different
disease activity status measures is good, with the smallest
correlation coefficient being 0.85. Within our cohort, the
nomogram (fig 1) illustrates the translation between compar-
able values of the different composite disease activity status
measures. Thus, there is concordance between all 10 disease
activity status measures.

This study also evaluates the ACR20/50/70 response and
shows that the mean change from baseline for each composite
measure was able to detect a difference between ACRnone and
ACR20/50/70 as well as between ACR50 and ACR70, but could
not detect a significant difference between the ACR20 and
ACR50 responder groups. The 10 RA disease activity status
measures behave similarly in this respect. These data are similar
to previously published data.” Change values and reached
values were calculated for our cohort using a method similar to
that reported when the original EULAR values were calcu-
lated.” "' When our calculated cut-points are compared with
published cut-points, the values are generally similar. However,
there is substantial variation among the EULAR response
criteria cut-points that we calculated for the 10 different
composite disease activity measures, suggesting that it may not
be appropriate to use the cut-points published for one measure
(eg, DAS28/ESR-4) with a different measure (eg, DAS28/CRP-
4). To some extent, calculated cut-points may vary somewhat
depending on the characteristics of the RA population being
studied. For example, our calculated cut-points for the DAS28/
ESR-4 item agree more closely with those more recently
reported” ** than with the original published values.”> We do
not feel that these findings justify changing the original
published cut-points that have been used for many years." *
However, for those composite disease activity measures with no
available published values, the cut-point values calculated for
our cohort might be used as preliminary approximations until
consensus can be reached with additional studies.

When the percentage agreement with the gold standard
(DAS44/ESR-4 item) was calculated comparing each of the
other composite disease activity status measures, CDAI (74%)
and SDAI (80%) were in the same general range as the DAS28-
based measures (78-80%). This suggests that the accuracy of
the EULAR categorisation as none, moderate or good response
is similar when CDAI, SDAI or one of the DAS28 measure
scores are substituted for the original DAS44/ESR-4 item score.
Specifically, the percentage agreement is 92 between the
DAS44/ESR-4 item and DAS44/ESR-3 item measures, and 88
between the DAS28/ESR-4 item and DAS28/ESR-3 item when
they are used to categorise the responses of our cohort.

The major limitation of this paper is that our cohort was not
developed for the purpose of studying the stated objective and
the results presented may not be directly applicable to other
cohorts. The purpose of this study was to describe the
similarities and differences in scores obtained with the different
composite disease activity measures, not to improve the
measures. Secondly, ours is an early, seropositive cohort;
different from the cohorts used to develop original DAS, ACR
response, SDAI and CDAI criteria. In addition, some may argue
that there is a sense of circularity to the paper. However, to
justify the use of change and reached values calculated with our
cohort for these measures without published values, we felt
that it was necessary to compare the published change and
reached values of the DAS44/ESR-4 gold standard with those
calculated using our cohort. As these values were similar and
there was 95% agreement in the categorisation of the response
of subjects as none/good/moderate, we considered that our
method for calculating the cut-points to be valid (table 5).
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In conclusion, this paper has investigated the application of
10 different composite disease activity measures and how they
relate to one another, in a longitudinal observational study
cohort of seropositive patients with early RA. It is apparent that
there are many similarities in the way the measures behave,
suggesting that each could be useful in assessing RA disease
activity at a point in time (status) and in analysing change in
status over time (response)—for example, as in a controlled
clinical trial or in the analysis of a longitudinal observational
study—and that some may be suitable candidates for measur-
ing desired responses in the aggressive treatment of patients in
clinical practice.
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